Objective: To describe longitudinal changes in height and body weight between the ages of 70 and 95 y. Design: Longitudinal cohort study with representative sample of 70-y-olds. Setting: Department of Geriatric Medicine, Go Èteborg University, Sweden. Subjects: 449 males and 524 females, aged 70 y, living in Go Èteborg were examined in 1971 ± 72 and this study population participated on 11 occasions during a 25-year follow-up. Results: Mean height decreased 4 and 4.9 cm in males and females respectively and the trend was signi®cant between the ages of 70 and 95 y in both sexes. Between 70 and 75 y of age, a signi®cant difference was found between quintiles of body height where in the highest quintile height was lowered by 0.4 and 0.3 cmay, in males and females respectively, and in the lowest quintile by 0.1 cmay in both sexes. Mean body weight decreased 3.2 and 5.1 kg in males and females respectively, from age 70 to 95 y. The trend was signi®cant over 22 and 20 y for males and females, respectively. Between the ages of 70 and 80 y, individuals in highest quintile of body weight decreased at a rate of 0.8 and 0.6 kgay, three times higher than those in lowest quintile. Due to the decrease in both height and weight over time, body mass index (BMI) was less affected. Conclusion: Height, body weight and BMI decreased signi®cantly in both sexes after age 70 y, and there was a gender difference in the trend. The results can be used as reference data for Swedish elderly and might be of importance to the understanding of anthropometry with the ageing process.
Introduction
The need for accurate body composition information in elderly populations is becoming more important as greater numbers of people reach older ages (Kuczmarski, 1989; Steen, 1991) . Understanding changes in body composition accompanying the ageing process and its health and nutritional implications is important to both basal gerontological knowledge and nutritional support of the elderly (Steen, 1988; Chumlea & Baumgartner, 1989) . Body composition changes with ageing (Bruce et al, 1980; Steen et al, 1985) . Some general trends including an increase of body weight in middle age (Cornoni-Huntley et al, 1991; Bjo Èrkelund et al, 1997) followed by a decrease in stature, weight and body cell mass at older ages (Going et al, 1995) have been described.
Anthropometry provides the single most portable, inexpensive and non-invasive technique for assessing the size, proportions and composition of the human body. It re¯ects both health and nutritional status and predicts performance and survival (WHO, 1995) . The in¯uence of anthropometric measurements on subsequent disease and survival have been of interest to a number of investigators (e.g. Manson et al, 1987; Harris et al, 1988; Tayback et al, 1990; Ho et al, 1994) .
Weight gain and loss are determined by a complex interplay of health, lifestyle and genetic factors (Suadicani et al, 1997) . Evidence suggests that there is a positive relationship between an increased mortality rate with weight loss as well as with excessive weight gain (Andres et al, 1993) . On the other hand, minor degrees of overweight do not seem to be related to increased mortality in the elderly but are rather looked upon as a sign of health . An optimal range for weight in relation to longevity remains in dispute (Manson et al, 1987) , and much of the discussion on the issue of age and optimal body weight centres on the methodologies used in epidemiologic studies (Stevens, 1998) .
Anthropometric data on elderly are mostly derived from cross-sectional studies but these provide little information regarding changes with the ageing process as they suffer from limitations such as selective mortality (Kelly & Kroemer, 1990) , cohort effects and differences in the prevalence of certain morbid conditions (Shock, 1985) . Longitudinal studies can indicate the`effect of age' or rate of change within the individual, but this type of study increases the risk for measurement errors due to repeated measurements of the same individuals across time (Cameron, 1986) , and the characteristics of the sample change over time as subjects die, move or refuse to participate in the study (Kelly & Kroemer, 1990) . However, there are few anthropometric data from large representative samples of elderly people (Chumlea & Baumgartner, 1989) , and few of the data on changes are from population based longitudinal studies including both sexes (de Groot et al, 1996) .
The aim of a series of papers from our department was to describe both cross-sectional and longitudinal anthropometric data (height, body weight, and body mass index (BMI)) from a representative sample of 70-y-old people born in 1901 and 1902 in Go Èteborg, Sweden: the H70 study (Rinder et al, 1975; Svanborg, 1977; Steen & Djurfeldt, 1993) which has been followed-up longitudinally for more than 27 y since 1971 until now. The present study concentrates on longitudinal data between the ages of 70 and 95 y.
Population
The anthropometric data for this study were obtained from the gerontological and geriatric population studies in Go Ète-borg, Sweden (H70). H70 is a broad comprehensive longitudinal study based on a systematic random sample of 1148 persons which is about 30% of the 70-y-old people living in Go Èteborg between 1971 and 1972 (Rinder et al, 1975; Steen & Djurfeldt, 1993) . The participation rate in the ®rst examination at age 70 y between 1971 and 1972 was 85% or 973 individuals, 449 males and 524 females ( Figure 1 ). The responders did not differ signi®cantly from the non-responders with regard to sex, marital status and income (Rinder et al, 1975; Ljungquist et al, 1995) . The responders in this ®rst cohort of the H70 studies entered the study between 1971 and 1972, and the survivors have been followed until the present with examinations at 70, 75, 79, 81, 82, 83, 85, 88, 90, 92, 95 and 97 y of age.
In this study, we described anthropometric data (height, body weight and BMI) of individuals aged between 70 and 95 y who participated in all eleven examinations ± the longitudinal sample (Figure 1) . In both sexes, there were no signi®cant differences regarding anthropometric data at age 70 y between the longitudinal sample and those who died or dropped out from the study during examinations in between 70 and 75 and after 85 y of age. Males of the longitudinal sample at age 70 y were 1 cm taller (P`0.05) than those who died between ages 75 and 79 y and dropped out between ages 79 and 81 y, respectively. The males and females of the longitudinal sample did not differ by height, body weight and BMI values at age 70 y from those who died between the examinations aged 79 ± 95 y. Males of the longitudinal sample aged 70 y were 8 kg and 12 kg heavier (P`0.001) than those who dropped out between the examinations at ages 79 ± 81 y and 83 ± 85 y, respectively. The BMI values for males of the longitudinal sample aged 70 y were 2 kgam 2 (P`0.01) and 5 kgam 2 (P`0.001) higher than those who dropped out between the examinations aged 79 ± 81 y and 83 ± 85 y, respectively. The BMI value for females in the longitudinal sample aged 70 y was 2 kgam 2 higher (P`0.05) than females who dropped out between the examinations at ages 83 and 85 y.
Methods
The general design of the study, the sampling procedure, methods of data collection, data handling and processing have been reported earlier (Rinder et al, 1975) . Data on height and body weight at age 70 y were available for all males and females. Height and body weight were measured in the morning with the subjects wearing light clothing. Body weight was recorded to the nearest 0.1 kg and standing height was measured to the nearest centimetre (Rundgren et al, 1984) . BMI was calculated from weight (kg) divided by height squared (m 2 ). To minimize methodological differences all measurements were performed by investigators who had trained together or had personal contact with the methodology employed. Figure 1 General presentation of population during the 25-year longitudinal follow-up after age 70. (Cox & Hinkley, 1974) was performed to explore the correlation between baseline values and longitudinal changes.
Results
Mean height (cm), body weight (kg) and BMI (kgam 2 ) of individuals who participated in examinations between 70 and 95 y of age are presented in Tables 1 ± 6. Height and body weight decreased signi®cantly in both males and females over the 25-y period. Due to the decrease in both height and weight over time, BMI was less affected.
Height
In males, the mean height decreased by 4.0 cm (Table 1) and in females by 4.9 cm over 25 y (Table 2 ). There was about 1 cm mean decrease of height in males during each 5 y-period between the ages 70 and 81 y, and it was 0.6 and 0.7 cm in the following two 5-y periods between the ages 81 and 85 y and 85 and 90 y, respectively. For males, there was 0.4 cm further decrease in height between the ages of 90 and 95 y. In females, the major decrease in mean height (1.5 cm) was between the ages of 75 and 81 y and it was 0.5 cm in the following 5-y period between ages of 81 and 85 y. For females, there was about 1 cm decrease of height during the two 5-y periods between the ages of 85 and 90 y and 90 and 95 y (Table 2) .
In males, a signi®cant difference between the quintiles was found during the ®rst 5-y period where the rate of losing height in the highest quintile (0.4 cmay) was four times higher than in lowest quintile (0.1 cmay) ( Figure 2a ). In females, a similar trend was found where subjects in the highest quintile of body height at age 70 y lost 0.3 cmay between the ages of 70 and 75 y and the rate was three times higher than in the lowest quintile (0.1 cmay) ( Figure  2b ). For females, there was no signi®cant difference in the decrease of height between the quintiles after age 79 y. However, for males, there was a signi®cant difference in the decrease of height between the highest quintile and other quintiles until age 83 y where subjects in the highest quintile lowered their height at a higher rate than the others. After 83 y, there were too few subjects in each quintile to observe a statistically signi®cant correlation between the quintiles.
During the ®rst 5 y, 11% of the males and 14% of the females increased their body height with a yearly change of approximately 0.4 and 0.5 cm respectively. This might to a large extent be due to measurement variability. In both sexes, there was a signi®cant trend of decrease in body height over the time period.
Body weight
The mean decrease of body weight during the 25-y in males and females was 3.2 and 5.1 kg, respectively (Tables 3 and  4 ). There was a signi®cant change of body weight in males over 22 y after the age of 70 with a mean decrease of 7.1 kg (Table 3 ). In females, body weight decreased 7.4 kg over 20 y between the ages of 70 and 90 y (Table 4 ). In males, the mean decrease was 5 kg during the ®rst decade (age 70 ± 79 y), and there was a further decrease of 2 kg over the next decade. In females, the mean body weight decreased 3.6 kg in each decade between 70 and 90 y with the highest decrease at age 90 y (11%).
In males, there was a signi®cant difference in decreases of body weight between the quintiles during the ®rst decade (age 70 ± 79 y). Individuals in the highest body weight quintile lost their weight at a rate of 0.8 kgay, and those who were in the lowest quintile at a rate of 0.3 kgay 70  177  176  176  175  175  175  175  175  174  174  173  75  176  174  174  174  173  173  173  174  173  173  79  175  174  174  173  173  173  173  173  172  81  175  174  174  173  173  172  173  173  82  175  174  174  173  172  172  172  83  175  173  174  173  172  172  85  175  173  173  173  172  88  174  171  172  171  90  174  172  172  92  173  171  95  173 Decrease Figure 2c ). A similar trend was found in females during this period (age 70 ± 79 y), where subjects in highest quintile lost weight at a rate of 0.6 kgay which is three times higher than the rate of individuals in the lowest quintile (0.2 kgay) ( Figure 2d ). For both sexes, the trend was found to be signi®cant until the age of 83 y with the highest quintile losing more weight than other quintiles.
Body mass index
In males, a signi®cant change in BMI was found between 70 and 95 y with the exception of age 92 y, where the trend was not signi®cant (Table 5 ). In females, a signi®cant change in BMI was found between the ages of 70 and 90 y (Table 6 ). In both sexes, the percentage of individuals with decreased BMI was higher than in those who had increased during the 25-y follow-up period. In males, a signi®cant difference between the highest and other quintiles in decreasing BMI was found during the ®rst 5-y period, where the highest quintile group decreased their BMI value at a rate of 0.24 kgam 2 ay and the lowest quintile group 0.06 kgam 2 ay (Figure 2e ). In females, those in the lowest quintile of BMI increased their BMI during the ®rst decade (age 70 ± 79 y) at a rate of 0.03 kgam 2 ay and those who were in the highest quintile lost their BMI value at a rate of 0.20 kgam 2 ay (Figure 2f ). In females, there was a signi®cant trend in decreasing BMI between the highest quintile and the lowest as well as other quintiles until the age of 83 y with a higher rate of decrease in individuals in the highest quintile compared to the others.
Discussion
Population and method This 25-y study on anthropometry in the elderly was based on data from an initial cross-sectional and then a longitudinal study with a representative, systematic sample of 70-y old people in Go Èteborg (Rinder et al, 1975) . The representativeness of the initial sample has been described elsewhere (Rinder et al, 1975) . The response rate was higher than in many other similar studies. For example, in the SENECA study, the response rate was about 50% (range 12 ± 81%) in the baseline study (de Groot et al, 1991) . However, during the 25-y follow-up, there were deaths, drop-outs and differences in anthropometric data between the longitudinal sample and those who died and dropped out, which altogether have contributed to a more selective sample in the higher age groups.
In spite of the fact that the examiners at each investigation throughout the years had trained in the same way and the methods were identical, some measurement errors were unavoidable, such as inter-observer and intra-observer variation, and the fact that height and body weight might vary between days and times of day. The latter was, however, minimized by measuring height and body weight ®rst thing in the morning. But a few per cent of the probands in the different follow-up examinations showed an increase of height, which is unlikely to have happened. On the other hand, it seems likely that there are measurement errors in the opposite direction. Also some probands, especially in the highest age groups, suffered from conditions such as oedema, kyphosis etc., which might affect the accuracy of measurements of`true' height and body weight.
In order to keep this longitudinal study as pure and clear as possible we chose to report only the results from those probands who had taken part in all examinations during the years and, therefore, the numbers of probands in the higher age groups were small. However, this was the only way we could produce strictly longitudinal data covering the whole 25-y period.
There were variations around each individual's`true' value due to measurement errors at the time of examination, during data entry, and more or less short time (hours and days); individual variations around a longterm average are also likely to exist. Using data with this kind of variation as a baseline value for longitudinal description means that there is always the problem of regression towards the mean. In the highest quintile of height, body weight and BMI there might be some individuals who has been placed in this group due to an unusual (compared to their long-term`true' value) high value, and at the next examination there will be a tendency that the new value will be closer to their`true' value. As a consequence of such effects, we expect that we have overestimated the average decrease in the highest baseline quintile as much as we have underestimated the`true' value in the lowest quintile. 70  161  161  160  160  160  160  160  160  160  160  160  75  160  160  159  159  159  159  159  159  159  159  79  160  160  158  158  158  158  158  158  158  81  158  159  158  158  158  158  158  158  82  158  159  158  158  157  157  158  83  157  159  158  158  157  157  85  158  159  157  157  157  88  160  158  157  156  90  156  158  156  92  156  157  95 156
Decrease (% of probands) 100 100 90 90 94 92 90 85 84 61 Mean difference (cm) within the column 7 4.9 7 4.0 7 3.8 7 3.6 7 2.9 7 2.8 7 2.5 7 2.4 7 2.1 7 0.9
Proportional change in the column (%) 7 3.1 7 2.5 7 2.4 7 2.3 7 1.8 7 1.8 7 1.6 7 1.5 7 1.3 7 0.5 Trend ** *** *** *** *** *** *** *** *** Figure 2 Longitudinal changes in height, body weight and BMI by quintiles at age 70.
Height and body weight in the elderly DK Dey et al Proportional change in the column (%) 7 4.1 7 8.8 7 9.0 7 9.0 7 8.2 7 6.9 7 6.3 7 7.2 7 6.5 7 4.1 Trend * *** *** *** *** *** *** *** *** * P`0.05, ** P`0.01, *** P`0.001. Proportional change in the column (%) 7 8.0 7 3.8 7 11.1 7 10.1 7 8.6 7 7.8 7 6.7 7 6.0 7 5.3 7 2.7 Trend * *** *** *** *** *** *** *** *** * P`0.05, ** P`0.01, *** P`0.001. Proportional change in the column (%) 7 0.1 7 4.4 7 5.6 7 4.8 7 5.4 7 4.5 7 3.7 7 4.5 7 4.5 7 2.9 Trend ** *** ** *** *** *** *** *** *** To estimate the magnitude of regression towards the mean, we compared our data with the individuals from a sub-sample (n 330) of the same population whose body measurements were performed by an investigator specially trained in anthropometric measurements. The correlation coef®cient between the methods were 0.99 for height, 0.99 for body weight and 0.98 for BMI. The 95% con®dence interval for the mean differences between the methods were ( 7 0.06 to 0.18 cm) for height, ( 7 0.22 to 0.32 kg) for weight, and ( 7 0.09 to 0.07 kgam 2 ) for BMI with no signi®cant systematic differences between the two methods.
For body height we would, thus, have over-as well as under-estimated about 0.2 cm in the lowest and highest quintile of the baseline value, respectively, due to regression towards the mean. However, there was no obvious over-or under-estimation for body weight.
Results

Height
The reported body height for males aged 70 ± 75 y in this study (Table 1) was consistent with the result from only one centre (Culemborg, The Netherlands) in the SENECA study (Table 7) . The Swedish 75-y-old males were 2 ± 13 cm taller than other European elderly males of this age reported by SENECA investigators (de Groot et al, 1991). 
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The mean height for 75-y-old females in this study was same as that reported by SENECA investigators (1991) for Danish, Norwegian and Swiss (Burgdorff) females of that age (de Groot et al, 1991) . Apart from the females of Culemborg, The Netherlands, who were 1 cm taller than the Swedish 75-y-old females, the other European females in ®fteen SENECA centres were shorter than the Swedish females, and the difference varied from 2 ± 13 cm. A comparative study by Gause-Nilsson et al (1997) on 75-y-old people in three Nordic countries reported that men and women in Go Èteborg were taller than women in Copenhagen, Denmark and Jyva Èskyla È, Finland (Table 7) . The mean height for the subjects in this study aged 95 y was 13 cm higher in both sexes (Table 7) compared to the Italian males (mean age 96 y) and females (mean age 95 y) reported by Ravaglia et al, (1997) .
Mean height during the 4-y period (age 75 ± 79 y), decreased 0.6 and 1.1 cm in males and females, respectively, in this study. In the SENECA study, the mean decrease of height ranged 1 ± 2 cm in both sexes during the similar period of time ( ) (de Groot et al, 1996 . There was a signi®cant trend in decrease of body height during the 25-y follow-up period in both sexes. In males, we found the same mean height value at age 70 y as age 95 y which might be due to the large inter-individual variations in body height and also the small number of subjects in the later age group. Height was found to decrease at a rate between 1.5 and 2.1 mmayr in both sexes which is consistent with earlier studies compiled by Roche (1997) .
In females, mean body height decreased 4.9 cm which is almost 1 cm more than in males (4 cm) during the 25-y period. Studies on body height have found that height declines with age: this is more common in women than in males (de Groot et al, 1996; Allen, 1989) . Although it is widely accepted that persons become shorter as they grow older (Chandler & Bock, 1991) , this excess loss of height in females with advancing age re¯ects the existing osteoporotic condition (Gunnes et al, 1996) .
Body weight
The mean body weight for males aged 70 and 75 y in this study (Table 3) was consistent with almost all other European elderly males reported by the SENECA investigators where the values ranged from 70.1 ± 78.2 kg (de Groot et al, 1991) . In this study, the mean weight for females of this age group (Table 4) was higher than females of seven centres and lower than ten SENECA centres where the reported weight ranged from 56.8 ± 71.4 kg ( Table 7) . The mean body weight at ages 75 ± 79 y in this study (Tables 3 and 4) was consistent with French males in Haguenau and Loches (Table 7) as reported by Delarue et al (1993) . However, Swedish women at this age group are heavier than French women (Delarue et al, 1993) . The mean body weight of Swedish males and females in their nineties (Tables 3 and 4 ) was 15 ± 17 kg higher than Italian healthy nonagenarian males (Table 7) and 10 kg higher than Italian females (Table 7) of this age group (Ravaglia et al, 1997) .
In this study, mean body weight for males decreased 3 and 2 kg consecutively between the ages of 70 ± 75 and 75 ± 79 y. For females the rate was 1.9 and 1.8 kg, respectively, for these two periods. In the SENECA study, during the 4-y follow-up period the mean decrease of body weight ranged 0.3 ± 3.5 kg in males and 0.2 ± 3.4 kg in females (de Groot et al, 1996) .
Body weight decreased signi®cantly in both sexes in this study which con®rms the generally accepted pattern of weight loss in old age reported elsewhere (Chumlea et al, 1986; Rissanen et al, 1989; Rissanen et al, 1991; Ho et al, 1994; Lehman & Bassey, 1996; de Groot et al, 1996; Roche, 1997) . It was also found that persons in the highest body weight quintile at the beginning showed the largest average loss than the lower quintiles (Figure 2c and d) as it was reported by other investigators (Cornoni-Huntley et al, 1991) .
In females, the proportional decrease in body weight over 25 years was about 8%, almost double than that of males. Individuals who gained weight in this study, ranged from 12 ± 50% and from 17 ± 36% in males and females, respectively (Tables 3 and 4 ). In the SENECA study, 9% of males and 10% of females gained a minimum of 5 kg body weight during the 4-y follow-up period of elderly people aged 70 ± 75 y (de Groot et al, 1996) .
Physiological changes in body composition that in¯u-ence the loss of body weight with age include decrease in cell mass through cell death and impaired function of surviving cells (Munro, 1981) , decrease of body fat and body water (Steen et al, 1985) , and changes in internal organs, bone mass, skeletal muscles and lean body mass in elderly subjects (Munro, 1981; Kuczmarski, 1989) .
Body mass index
The mean BMI values for females were higher than for males throughout the follow-up period with exceptions only at age 90 and 95 y (Table 5,6). In this study, the mean BMI values for males at age 70 and 75 y were 25.4 and 24.8 kgam 2 (Table 5 ). The males of this age group from three SENECA centres (de Groot et al, 1991) . For females of this study, the mean BMI at ages 70 and 75 y was 26.2 and 25.9 kgam 2 , respectively (Table 6 ). In the SENECA study, the mean BMI for females of this age group, ranged from 23.9 ± 30.5 kgam 2 (de Groot et al, 1991) and only ®ve centres had lower BMI values than the Swedish elderly females.
The BMI value for age group 90 y or over in this study was higher in both sexes compared with Italian nonagenarian males and females (Table 7) reported by Ravaglia and collaborators (1997) .
In this study, there was a signi®cant trend in decrease of BMI in both sexes over time as has been reported by other investigators (de Groot et al, 1996; Stevens et al, 1998) , and there was a gender difference in the tendency as females decreased more than males. In the SENECA study, mean BMI values did not differ between sexes (de Groot et al, 1996) . The BMI values increased with 18 to 50% in males and 23 to 50% in females during the observation period (Tables 5 and 6 ).
Body height and weight decreased in both sexes over time more with regard to weight than height, which might have caused the decreasing trend in BMI values. The decrease of both height and weight caused the BMI value to remain within the`normal' range in both sexes and in each age group. However, the decline of height with the ageing process can also lead to an overestimation of body Height and body weight in the elderly DK Dey et al mass index in the elderly (de Groot et al, 1996) . The changing patterns of body fat distribution and body composition with age (Bruce et al, 1980; Steen et al, 1985; Chumlea & Baumgartner, 1989) , also affects the signi®-cance of BMI values for assessing the health and nutritional status of elderly persons.
Conclusion
This paper provides longitudinal changes of height, body weight and BMI from ages 70 ± 95 y, data which crosssectional investigations cannot reveal. Height, body weight and BMI decreased signi®cantly with age in individuals older than 70 y and there is a gender difference in the trend as females lost more height and weight than males. The results of this study can be used as reference data for the Swedish elderly in the different age groups after 70 y. Swedish males and females are taller than other European elderly people. The results might also be of importance to the understanding of gerontology and geriatric medicine. On the other hand, from this descriptive data, it is not possible to comment on whether the changes shown are due to the ageing process per se, or other factors such as chronic diseases, selective mortality, life-style, smoking etc. Those issues will be addressed in further papers in this series of studies.
